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Orderness Analysis and Its Application to the system
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Kyoto 606, Japan
To understand a phenomenon in developmental biology, it is essential to grasp
not only the function of each factor but also the property of the whole system. I
present a method, called the orderness analysis, to investigate the cause-and-
effect relations among the factors related to some phenomenon from $I/O$ data
of the system. I applied this method to the model system whose inner units
interact hierarchically and select an output state from various output states.
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$D_{\dot{\iota}j}= \frac{1}{(N_{i}- 1)(N_{j^{-}}1)}\sum_{r\neq s_{j}}.\sum_{q\neq s_{J}}$ .
$(f_{rq}^{ij}- p_{q})^{2}$ (5)




$O_{\dot{\text{ }}}=D_{\text{ }}- D_{\dot{j}}$ . (6)






$i$ $i$ $O_{\dot{\iota}j}\neq 0$
$\prime tordered^{t}’$




$(f_{rq}^{ij}- f_{q}^{j} )$ $r=sf$ $o$ $q=s \int$ $s_{i}$
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$D$ root ( 5)
$\overline{N}_{XY}$
$E$ $A-D$ ( )
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$unit0[2,1,1]=2$; $unit0[2_{-},2]=2$ ; $unit0[2_{-},0]=0$ ; $unit0[2,0,1]=0$; $unit0[2,2,1]=2$;
$unit0[1,1,1]=1$ ; $unit0[1_{-},2]=1$ ; $unit0[1_{-},0]=0$ ; $unit0[1,0,1]=0$; $unit0[1,2,1]=1$ ;
$unit0[0,1,1]=0$; $unit0[0_{-},2]=1$ ; $unit0[0_{-},0]=0$ ; $unitO[0,0,1]=0$; $unit0[0,2,1]=1$ ;
$unit0[- 1,1,1]=- 1;unitO[- 1_{-},2]=1;unitO[- 1_{-},0]=- 1;unit0[- 1,0,1]=- 1;unit0[- 1,2,1]=1$;
$<$ unitl $>$
$unitl[1,1,1]=1$ ; $unitl[1_{-},2]=1$ ; $unitl[1_{-},0]=0$ ; $unitl[1,0,1]=0$ ; $unitl[1,2,1]=1$ ;
$unitl[2,1,1]=0$; $unitl[2_{-},2]=1$ ; $unitl[2_{-},0]=0$ ; $unitl[2,0,1]=0$ ; $unitl[2,2,1]=1$ ;
unitl [$0_{-},\lrcorner=- 100$ ; unitl [$- 1_{-},\lrcorner=- 100$ ; unitl [ $- 100_{-},\lrcorner=- 100;$ $unit2[0,1,1]=1$ ;
$<$ unit2 $>$
$unit2[0_{-},2]=1$ ; $unit2[0_{-},0]=0;unit2[0,0,1]=0$; $unit2[0,2,1]=1$ ; $unit2[- 1,1,1]=0$;
$unit2[- 1_{-},2]=1$ ; $unit2[- 1_{-},0]=0$ ; $unit2[- 1,0,1]=0$; $unit2[- 1,2,1]=1$ ;
$unit2[1_{-},\lrcorner=- 100;$ $unit2[2_{-},\lrcorner=- 100;$ $unit2[- 100_{-},\lrcorner=- 100$ ;
(2)
S
obsl [ $s_{-}$ , {xl-, $x2_{-},$ $x3_{-},$ $x4_{-},$ $x5_{-},$ $x6_{-},$ $x7_{-},x8_{-},$ $x9_{-},$ $x10_{-}$ , xll-, $x12_{-},$ $x13_{-}$ , x14 $\}$ ] $:=$
$Sign$ [$unitl$ [unitl $[unitO[s$ , xl, $x2],$ $x3,$ $x4],x5,$ $x6]- 1$ ] $+1$ ;
$obs2$ [ $s_{-}$ , {xl-, $x2_{-},$ $x3_{-},$ $x4_{-},$ $x5_{-},$ $x6_{-},$ $x7_{-},x8_{-},$ $x9_{-},$ $x10_{-}$ , xll-, x12 , $x13_{-},$ $x14_{-}\}$ ] $:=$
$Sign$ [$unit2[unitl[unitO[s$ , xl, $x2],$ $x3,$ $x4],x7,$ $x8]- 1$ ] $+1$ ;
$obs3$ [ $s_{-}$ , {xl-, $x2_{-},$ $x3_{-},$ $x4_{-},$ $x5_{-},$ $x6_{-},$ $x7_{-},x8_{-}$, $x9_{-},$ $x10_{-}$ , xll-, $x12_{-}$ , x13 , $x14_{-}\}$ ] $;=$
$Sign$ [$unitl[unit2[unit0[s$ , xl, $x2],$ $x9,$ $xl0],xll,$ $x12]- 1$ ] $+1$ ;
$obs4$ [ $s_{-}$ , {xl-, $x2_{-},$ $x3_{-},$ $x4_{-},$ $x5_{-},$ $x6_{-},$ $x7_{-},x8_{-},$ $x9_{-},$ $x10_{-}$ , xll-, $x12_{-},$ $x13_{-},$ $x14_{-}\}$ ] $:=$





IOtable $=Join$ [Flatten[Table $[$
MapAt[k&, MapAt[i&, Standardlist, $\{j\}],$ $\{1\}$ ],
$\{i, 0,2,2\},\{k, 0,2,2\}$ ,
{$j,2,Length$ [Standardlistl}, {1, l,j-l}]
,3], {Standardlist},
Flatten[Table $[$







$[i, j]$ $iarrow j$ 1
$0$ 1 1 1 1 1 1 1 1 1 1 1 1 1
$0$ $0$ 1 1 1 1 1 1 1 1 1 1 1 1
$0$ $0$ $0$ 1 1 1 1 1 $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ 1 1 1 1 $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ 1 $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ 1 $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ 1 1 1 1 1
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ 1 1 1 1
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ 1 $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$
$0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ $0$ 1
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